Sandfly-borne phleboviruses are endemic in the Mediterranean basin. However, levels of exposure of human and animal populations are inadequately researched. Toscana virus (TOSV) is present in Portugal where it causes human infection and disease; in contrast there are few data for sandfly fever Sicilian virus (SFSV) which has neither been isolated nor detected by molecular tests and for which there are only limited serological data. The sera collected from 1160 dogs and 189 cats in southern Portugal were tested for the presence of neutralizing antibodies against TOSV and SFSV, two viruses recognized as distinct serocomplexes in the Mediterranean region. Our data showed (i) seropositivity to TOSV and SFSV in dogs at a rate of 6.8 and 50.8 %, respectively, and (ii) that 3.7 % of cats were seropositive for TOSV. TOSV findings are in line with previous results obtained with less stringent serological assays. Our results for SFSV in dogs clearly indicate that the virus is circulating widely and that humans may be exposed to infection via the dogs. Although the presence of SFSV was suggested by haemagglutination inhibition in 4/1690 human sera in 1974, this is the first time, as far as we know, that SFSV has been shown to circulate so widely in dogs in Portugal. Future studies should be directed at isolating strains of SFSV in Portugal from dogs, humans and sandflies collected in high prevalence regions. As dogs appear to be good sentinels for SFSV, their role as a possible reservoir in the natural cycle should also be considered.
INTRODUCTION
In the genus Phlebovirus (family Bunyaviridae), viruses transmitted by sandflies can be divided into two groups depending on the geographic region: those present in the New World are transmitted by Lutzomyia spp.; those present in the Old World are transmitted by Phlebotomus spp.
The latter represent three antigenic complexes including viruses belonging to the sandfly fever Naplesvirus (SFNV) species, the Salehabadvirus (SALV) species, and sandfly fever Sicilian virus (SFSV) and Corfou (CFUV) viruses (Plyusnin, 2011) . Sandfly-borne phleboviruses are endemic in the Mediterranean region and Middle East countries where their phlebotomine vectors (Phlebotomus spp. and Sergentomyia spp.) circulate during the warm season. These three antigenic groups comprise several known human pathogens [Toscana virus (TOSV) , Naples virus, Sicilian virus, Adria virus] and others for which the medical importance has not yet been established (Alkan et al., 2013) ; recently the number of the latter has considerably increased owing to an upsurge of virus discovery programmes stimulated by the next-generation sequencing technological leap (Alkan et al., 2015 Amaro et al., 2015 Amaro et al., , 2016 Remoli et al., 2014; Zhioua et al., 2010) . In Portugal, studies on human cases of infection caused by sandfly-borne phleboviruses have exclusively targeted TOSV (Amaro et al., 2011; Santos et al., 2007; Ehrnst et al., 1985; Schwarz et al., 1995) . However, data issued from seroprevalence studies should be interpreted with caution, since they were produced using ELISA and immunofluorescence assay (IFA) techniques which are prone to cross-reactions with other viruses belonging to the SFNV species such as Massilia and Arrabida viruses, recently described in Portugal (Amaro et al., 2015 (Amaro et al., , 2016 . Studies aimed at the discovery of new viruses in sandflies have also identified Alcube virus (Salehabad species) (Amaro et al., 2016) . Although the presence of SFSV was suggested in haemagglutination inhibition (HI) assays which showed 4/1690 positive human sera in 1974, there are no recent data (neither serology, molecular detection nor virus isolation) to support the evidence that viruses closely related to either SFSV or CFUV continue to circulate in the country (Filipe, 1974) . Hence, we performed a seroprevalence study using domestic animal sera collected in two regions of Portugal. Sera were collected from 1160 dogs and 189 cats in southern Portugal and tested for the presence of neutralizing antibodies against TOSV and SFSV.
RESULTS AND DISCUSSION

Sera collection and characteristics of the animals
The 1160 dogs were located in the districts of Algarve (n=189), Lisboa (n=197) and Setúbal (n=774). Sex data were available for 1139 dogs (486 males and 653 females, sex ratio 0.74). All 189 cats were from the district of Algarve and consisted of 60 males and 129 females (sex ratio 0.47). Other characteristics of the tested animals are presented in Tables 1 and 2 .
Virus neutralization tests (VNT) in dogs
Results of neutralization tests against TOSV and SFSV for the dog sera are presented in Table 2 and Fig. 1 . The prevalence observed in Algarve (12.7 % of 189 dogs) was significantly higher (P=0.02) compared with Lisboa and Setúbal. The differences in prevalence depending upon the region may be due to the geographical and climatic characteristics of these regions which affect the distribution, proliferation and abundance of phlebotomine vectors of TOSV. Among the dog's intrinsic criteria (sex, age and type of fur), none were associated with higher or lower seroprevalence of TOSV. Among the life condition criteria (lifestyle, housing, insecticide protection and suspected leishmaniasis), higher seroprevalence of TOSV was observed in domestic dogs compared with stray dogs. Although not statistically significant, older dogs presented higher seropositivity rates than younger adults and young. This was not unexpected in view of the observation that similar results were described in dogs in Tunisia (Sakhria et al., 2014) and in humans from Greece (Anagnostou et al., 2013) and Italy (Terrosi et al., 2009) , suggesting that there is a strong risk of exposure to TOSV infection throughout the entire life of dogs and humans.
The demonstration of past infection of dogs with TOSV is in agreement with the reports of human cases of TOSV infection in Portugal during the last decade (Amaro et al., 2011; Santos et al., 2007) . The level of TOSV-positive dog sera (6.8 %) is congruent with results observed in humans in previous studies which ranged from 1.3 to 4.2 % (Amaro et al., 2012) . Interestingly, these low rates were observed using techniques that are notoriously prone to be sensitive to cross-reactivity with other viruses belonging to the SFNV species and which are distinct from TOSV, such as Naples virus, Massilia virus or Granada virus (Alkan et al., 2013) . Therefore, we strongly recommend the initiation of a largescale seroprevalence study in Portugal using more highly specific neutralization assays rather than ELISA or IFA.
The only data available describing the presence of SFSV in Portugal are the presence of antibodies in 4/1690 (0.24 %) human sera detected by HI assay reported 35 years ago (Filipe, 1974) . SFSV or another virus genetically related to SFSV has not been isolated in Portugal so far. However, limited entomological studies were conducted to address this question following the example of Tunisia and Turkey (Alkan et al., 2015 Bichaud et al., 2016; Dachraoui et al., 2016) . In our study, a very high prevalence (50.8 %) was observed for SFSV in domestic animals. Although the SFSV seroprevalence was extremely high in dogs from the three regions (38.6-54.5 %), Setúbal was associated significantly with the highest rate of exposure to SFSV (Table 1 ). The age trend (obvious for TOSV albeit not statistically significant) was also observed for SFSV (24.2 % in young, 52.9 % in adults and 52.9 % in older dogs), and was statistically significant (P=0.005). Males were also more likely to be SFSV positive than females (P=0.031). Interestingly although not statistically significant, dogs kept continuously indoors had lower (18.2 %) rates of antibodies to SFSV compared with dogs living or having access to the outside (41.3 %). In contrast with results observed with TOSV in this study, stray dogs (52.5 %) are more likely (P=0.005) to possess SFSV-neutralizing antibodies when compared with domestic dogs (40.8 %). In addition, SFSV prevalence was also lower in regions where insecticides were used (P=0.004). Although it is not known if SFSV and other sandfly-borne phleboviruses cause disease in dogs, the latter results indicate that the use of insecticide might be effective in preventing exposure to other sandfly-borne pathogens of veterinarian and human importance such as leishmaniasis. Although no direct evidence is available at this time, our results imply the presence of either SFSV or a SFSV-related virus in Portugal. Indeed, we consider it valid to use SFSV as a surrogate for all SFSV-related viruses because amino acid distances observed between the proteins that elicit neutralizing antibodies (Gn and Gc) are well within the acceptable range, i.e. <5 % different for SFSV and SFSVrelated viruses . Thus, neutralizing antibodies are unlikely to discriminate between closely related SFSV isolates.
Globally, the extremely high rate of neutralizing antibodies observed against SFSV raises the question of whether or not dogs could perform the role of reservoirs for SFSV in the domestic environment. All sera collected in dogs (n=1160) were tested for the presence of SFSV-and TOSV-specific RNA in serum for SFSV on one hand and of TOSV on the other hand. A widely used real-time reverse transcription PCR (RT-PCR) assay was selected for the detection of TOSV-specific RNA (P erez-Ruiz et al., 2007) . However at the outset of this study, there was only one real-time RT-PCR assay targeting SFSV (Weidmann et al., 2008) . This assay system had been generated from the unique SFSV sequence that was available at the time of the study and the authors admitted that there was scope for the re-evaluation and improvement of the assay when more SFSV sequences became available. At the present time, a total of 13 additional sequences are available in the databases (GenBank accession numbers EF201822-27, AJ811547, J04418, GU119908, GQ847511, KM042105, KP966621 and KP966624). Using these new data, a thorough analysis revealed that the primers and probe of Weidman's original assay had several mismatches compared with the newly sequenced isolates belonging to the SFSV or SFSV-like viruses. Accordingly, we designed a new assay using one forward primer, two reverse primers and three probes to detect all SFSV and SFSV-like viruses for which full-length sequences were available. One serum collected from a dog was found to be positive for TOSV RNA, whereas none were positive for SFSV RNA. The sequence (GenBank accession number KX710287) of the TOSV PCR product confirmed that the corresponding virus belonged to the lineage B as expected from the geographic origin. Attempts at virus isolation were unsuccessful. However, due to the conditions under which sera were collected and stored before being processed for molecular testing, these results should be interpreted very carefully. To date, two studies in Turkey report evidence for the presence of TOSV RNA in dogs. Despite the fact that they were published by the same research group and performed in the same region of Turkey, widely different rates of positive sera were observed in the two studies (9.9 % compared with 1.9 %) (Dincer et al., , 2016 . Clearly further studies should address explicitly the viraemic status of dogs in regions where neutralization-based seroprevalence rates indicate the likely circulation of these viruses. These current results also justify the need for experimental studies with dogs using both TOSV and SFSV to enable an assessment of whether or not dogs do play a role in the survival, amplification and/or epidemiology of these viruses.
As indicated in the introduction, there is a third serocomplex of sandfly fever phleboviruses transmitted by Phlebotomus spp. in the Old World. We did not include one strain representative of this serological complex because the strain recently described in Portugal is Alcube virus, which was not available in our laboratory. Moreover, the use of Arbia virus as a surrogate for Alcube would not have been appropriate since the genetic distance between the Arbia and Alcube Gn and Gc proteins is 21.4 %, which would probably result in an absence of detectable cross-reactions (Amaro et al., 2015) .
Five phlebotomine species are present in Portugal: Phlebotomus perniciosus (vector of TOSV), P. papatasi (vectors of SFSV), P. sergenti, P. ariasi and Sergentomyia minuta (Campino et al., 2006; Maia et al., 2009 Maia et al., , 2013 Maia et al., , 2015 . This study also provides indirect information concerning the types of vectors present in the three geographic regions. Historically, SFSV was associated with P. papatasi (Konstantinou et al., 2007) . However, more recent studies suggest that SFSV and SFSV-like viruses may also be transmitted by alternative vectors such as sandflies of the Larroussius subgenus Zhioua et al., 2010) . In Portugal, P. papatasi, although present, represents 0.02-0.2 % of sandflies (Campino et al., 2006; Maia et al., 2009 Maia et al., , 2015 . Accordingly, it is very unlikely that they are responsible for the high SFSV seroprevalence rates. It is more likely that alternative vectors are involved in the transmission of SFSV.
The contrasting results observed for the two associations, TOSV-domestic dogs and SFSV-stray dogs, may be explained by differences in the feeding preferences of sandflies. However, specific data on the virus-sandfly species association are needed to fill this gap in our knowledge.
Virus neutralization tests in cats
Among the 189 cats for which sera were tested for the presence of neutralizing antibodies, seven (3.7 %) were TOSVpositive and three (1.6 %) were SFSV-positive. The small number of sera containing neutralizing antibodies precluded any statistical analysis. The characteristics of the cats corresponding to positive sera are presented in Table 3 . Most TOSV-positive and SFSV-positive were observed in cats presenting with the following criteria: female, stray, short haired, outdoor access and absence of insecticide treatment. These associations are congruent with data observed in dogs. Although it is difficult to draw definite conclusions, there are more cats positive for TOSV than for SFSV; this trend contrasts with what is observed for dogs. The meaning of this finding is unknown and requires experimental studies with cats and dogs to understand better their possible role, other than sentinel, in the natural cycle of TOSV and SFSV.
In the literature, there are only three studies on seroprevalence for TOSV and/or SFSV using neutralization assays in dogs. In Tunisia, SFSV-neutralizing antibodies were observed in 38.1 % of dogs (Sakhria et al., 2014) . TOSV-neutralizing antibodies were reported in two studies conducted in Tunisia (7.5 %) and Corsica (3.9 %) (Sakhria et al., 2014; Dahmani et al., 2016) . With both viruses, previously reported data are in the same order of magnitude as observed in our study. Interestingly, in the Tunisian study, Punique virus, a second phlebovirus belonging to the sandfly fever Naples complex was also used; 43.5 % of dog sera were positive compared with only 7.5 % for TOSV. This underlines the evidence that results observed when using broadly cross-reactive tests (HI, IFA or ELISA) between viruses belonging to the same serocomplex must be interpreted with caution. High seroprevalence rates for TOSV IgG were observed using IFA in cats (59.6 %) and dogs (48.3 %) in Spain (Navarro-Marí et al., 2011); as discussed above, these results reflect the exposure to TOSV but, presumably, also to other viruses belonging to the same serocomplex that are co-circulating (i.e. Granada virus), thus an overestimation of the true prevalence of TOSV is a possibility.
As far as we are aware, this study is the first to use seroneutralization tests to examine the presence of selected phleboviruses in dogs and cats from Portugal. The data demonstrate that sandfly-borne phleboviruses belonging to two serocomplexes are widely dispersed as showed from seroprevalence in dogs and also that dogs and cats are frequently infected with TOSV and SFSV. These results highlight the need for similar studies with human sera to assess the level of exposure and to develop diagnostic tests for patients presenting with unexplained febrile illness and neuroinvasive infections. In addition, further studies need to be performed to identify the vectors of these phleboviruses in Portugal and to estimate the role of dogs in the dynamics of transmission, and whether or not they play a role as amplification and/or reservoir hosts in the natural cycle of these viruses. Nevertheless and from an animal and public health point of view, it is crucial to alert the veterinary community, pet owners as well as tourists from nonendemic countries visiting on vacation with their dogs and cats, to the need for prophylactic measures, such as insecticides, in order to defend animals and humans from sandflyborne pathogens/diseases.
METHODS
Animals and samples. From May 2011 to April 2014, sera corresponding to 1160 dogs (174 domestic dogs and 986 stray dogs) and 189 cats (79 domestic cats, 110 stray cats), originating from veterinary medical centres and animal shelters in southern Portugal (Lisbon, Setúbal and Algarve), were studied (Tables 1 and 2 ). Informed consent was obtained from the owners of domestic animals and from the director of the shelter for stray animals. Whole blood samples were collected (1-2 ml) by cephalic or jugular venipuncture and serum was separated by centrifugation and stored at À20 C. Whenever available, data on the region, gender, age (distributed according to three classes: young 1-11 months, adult 12-83 months, senior !84 months), breed, fur, living conditions, use of insecticides and clinical signs compatible with leishmaniasis, were recorded.
Ethics statement. This study was ethically approved by the board of the Institute of Hygiene and Tropical Medicine (IHMT-UNL) as complying with the Portuguese regulations for the protection of animals (Law 113/2013). Informed consent was obtained from the owners of domestic animals and from the director of the shelter for stray animals.
Virus microneutralization assay. Each serum was tested using microneutralization assay (VNT) previously described in parallel for two distinct sandfly-borne phleboviruses (Alkan et al., 2015) : (i) TOSV strain MRS2010-4319501 (Nougairede et al., 2013) (ii) SFSV strain Sabin (Sabin, 1951) .
Statistical analysis. The exact binomial test established confidence intervals with a 95 % confidence level. The chi-square or Fisher's exact tests were used to compare percentages of positivity among categories of the same independent variables and also the total prevalence of each virus. A P value <0.05 was considered as statistically significant. Analyses were performed with StatLib and SPSS 21 software for Windows.
Molecular detection of phleboviruses and cell culture inoculation. A 50 µl volume of each serum was used for total nucleic acid extraction using the Virus Extraction Mini kit onto the BioRobot EZ1-XL Advanced (both from Qiagen). Elution was performed in 60 µl of extraction buffer of which 10 µl were used for real-time RT-PCR using TOSV-and SFSV-specific primers and probes (10). SFSV real-time RT-PCR assay, based on N gene alignment, consisted of one sense primer (ATGGASGASTACCAGAARATYGC), two reverse primers (C TGGCATCAAAYCCYTGATAIGCAAA and CTAGCATCAAAACC YTGGTAIGCAAA) and three probes (TTTGGAGAACAGGCCATTGA TGAG/TTTGGAGAGCAGGCTATTGATGAG/TTCGGTGAGCAGGC TATAGATGA). The real-time RT-PCR was performed using the GoTaq probe 1-step quantitative RT-PCR (RT-qPCR) system (Promega) by following the manufacturer's protocol with the following incubation programme on a CFX96 real-time system (Bio-Rad): (i) 50 C for 15 min, (ii) 95 C for 2 min and (iii) 40 cycles consisting of 95 C for 15 s and 60 C for 1 min. Positive PCR reactions were column purified (Amicon Ultra Centrifugal filters; Millipore) and directly sequenced.
A 50 µl volume of the TOSV PCR-positive serum was inoculated (1 : 20 dilution) onto 12.5 cm 2 flasks of Vero cells together with Eagle's minimum essential medium (EMEM), enriched with 1 % penicillinstreptomycin, 1 % (200 mM) L-glutamine, 1 % kanamycin and 3 % amphotericin B (Fungizone). After incubation at room temperature for 1 h, 5 ml of fresh EMEM containing 5 % FBS was added. The flasks were incubated at 37 C in a 5 % CO 2 atmosphere and examined daily for cytopathic effect. Successive passages were also tested by TOSV RT-PCR.
Viral RNA detection in dogs. One serum collected from a dog was found to be positive for TOSV RNA, whereas none were positive for SFSV RNA. The sequence of the TOSV PCR product (accession number pending) identified the corresponding virus as belonging to the lineage B as expected from the geographic origin. Vero cells were inoculated with 50 µl of the positive serum at 1 : 1 and 1 : 20 dilution, as previously reported. Five successive blind passages were performed with systematic testing through real-time RT-PCR. 
